In a population-based study with 4 years of follow up, we evaluated the prevalence of Coxiella burnetii in cattle on Ulleung Island, Korea. In this study, the rates of C. burnetii infection in cattle on Ulleung Island were determined by PCR and were found to be 0.3-1.0% in the period 2011-2014. All 17 C. burnetii partial 16S rRNA gene sequences from PCR-positive cattle were identical and 2 geographic representatives were included in our analysis. The nucleotide sequences of the 2 samples showed high (98.4-100%) identity with C. burnetii sequences obtained from the GenBank. In this long-term tracking study, the number of cattle positive for C. burnetii on Ulleung Island was low. To prevent the transmission of C. burnetii on Ulleung Island, control strategy should include biosecurity improvement in surveillance, livestock management, administering suitable tests before purchasing animals to detect C. burnetii shedders, and restricting movements between herds.
Q fever is a zoonotic disease with worldwide distribution and is caused by the obligate intracellular bacterium Coxiella burnetii. Arthropods, mammals, bird, and ticks are reservoirs of infection, and domestic animals, such as cattle, goats, and sheep, are the most significant sources from which the pathogen can be transmitted to humans [1] . Infection in humans is normally asymptomatic, but can also result in acute or chronic disease [2] ; however, in ruminants, reproductive disorders such as stillbirth, infertility, mastitis, and endometritis are the main clinical symptoms [3] . The spread of C. burnetii between ruminant herds can result from transmission between adjacent herds through wind and/or the introduction of infected shedder animals in healthy herds [4] .
In mainland Korea, there have been several serologic and molecular studies on C. burnetii in cattle [5] [6] [7] , horses [8] , pigs [9] , ticks [10] , dogs [5] , goats [11] , and bulk-tank milk [6, 12] . Ulleung Island, the second biggest island in Korea, is located 130 km off the east coast of the Korean peninsula. To protect cattle from disease, all cattle on Ulleung Island have been investigated for infectious diseases every year by a governmentrun local veterinary institute since 2007 [13] . In our previous enzyme-linked immunosorbent assay (ELISA) study, Ulleung Island was screened for the seroprevalence of C. burnetii in cattle from 2011 to 2014 [14] . Serological tests are typically used in epidemiological studies to detect carriers of antibodies against C. burnetii and show previous exposure to pathogens [1] . On the contrary, PCR would be more useful to investigate late infection risk of a herd, assuming animal movements happen within the months preceding this changing status [4] . Therefore, we determined the shedder cattle status for C. burnetii infection in Ulleung Island with special geographic and epidemiologic situations using PCR.
All cattle from whole farms in Ulleung Island were examined yearly from 2011 to 2014 [14] . The entire study area was located between the 37˚30'0'' north latitude and 131˚52'0'' east longitude. Ulleung Island is divided into 3 administrative regions: Ulleung-eup, Seo-myeon, and Buk-myeon. In this study, blood samples were collected from 760 cattle from 54 farms, 597 cattle from 51 farms, 575 cattle from 49 farms, and 625 cattle from 49 farms, each year from 2011 to 2014, respectively. Following the collection of blood, whole blood treated with anticoagulant was used for PCR. Data on the region, age, sex, and breed of cattle sampled were recorded. Genomic DNA was extracted from blood samples using a commercial DNeasy Blood and Tissue kit (Qiagen, Melbourne, Australia) according to the manufacturer's instructions and stored at -20˚C until use. A commercial AccuPower HotStart PCR PreMix kit (Bioneer, Daejeon, Korea) was used for PCR amplification. Multiple primer sets described in previous studies were used to amplify the 16S rRNA gene of the genus Coxiella, including C. burnetii and other Coxiella-like bacteria (CLB) [7] [8] [9] [10] 12, [14] [15] [16] , using nested PCR (nPCR).
Positive PCR products were purified using the QIAquick Gel Extraction kit (Qiagen). Purified products were ligated into a pGEM-T Easy vector (Promega, Madison, Wisconsin, USA), following the manufacturer's instructions. The ligation product was transformed into Escherichia coli DH5α competent cells and then incubated at 37˚C overnight. Plasmid DNA extraction was conducted using a plasmid miniprep kit (Qiagen) following the manufacturer's instructions.
Recombinant clones in the plasmids were selected and sent to Macrogen (Seoul, Korea) for sequencing. The results were analyzed using the Clustal Omega (ver. 1.2.1) multiple sequence alignment program and the alignment was edited in BioEdit (ver. 7.2.5). The sequence alignment was used to construct a similarity matrix and a phylogenetic analysis was performed using the maximum likelihood method in MEGA (ver. 6.0). The stability of the trees obtained was estimated by a bootstrap analysis with 1,000 replicates.
The chi-square test was used to determine significant differences between multiple groups, with P-values< 0.05 regarded as statistically significant. GraphPad Prism ver. 5.04 (GraphPad Software Inc., La Jolla, California, USA) was used for the statistical analyses.
As shown in Table 1 , the rate of C. burnetii positivity determined by PCR (0.3-1.0%) was low between 2011 and 2014. During the study period, C. burnetii was found at only 3 farms in the Seo-myeon region, which is what we also observed in our previous seroprevalence study that used the same samples [14] . Among the 17 PCR-positive cattle of 3 farms from 2011 to 2014, cattle of farms A (1/11, 9.1%), B (1/37, 2.7%), and C (3/56, 5.4%) in 2011, cattle of farms A (1/8, 12.5%) and C (1/57, 1.8%) in 2012, and cattle of farm C in 2013 (6/60, 10%) and 2014 (4/62, 6.5%) showed C. burnetii infections (data not shown). The Seo-myeon region showed the greatest densities of cattle at both the farm and individual levels compared to those of other regions. Moreover, the 3 farms with C. burnetiipositive cattle neighbor each other. Although there was no significant trend for C. burnetii prevalence with respect to both breed and sex, the C. burnetii prevalence was found to be higher in tiger breed and female cattle than in any other group. Moreover, C. burnetii positive rates significantly increased with age between 2011 and 2014 (P < 0.05). Upon comparison with the results of our previous ELISA study [14] , 12 out of 17 cattle initially tested positive for C. burnetii by both PCR and ELISA; however, these 12 cattle eventually became PCR-negative.
In this study, a total of 17 cattle from Ulleung Island were found positive for C. burnetii infection by PCR between 2011 and 2014. Because all 17 samples contained identical C. burnetii 16S rRNA nucleotide sequences, 2 partial 16S rRNA gene sequences from cattle (C-UL-15 and C-UL-32) in geographically representative areas were deposited in GenBank (accession nos. KU291432 and KU291433, respectively) and used for phylogenetic analysis. Results of the comparative analysis of the 16S rRNA nucleotide sequences from samples C-UL-15 and C-UL-32 and from 19 other bacterial species obtained from GenBank are shown in Fig. 1 . The nucleotide sequences of the 2 samples showed high (98.4-100%) identity with those of other C. burnetii strains. We worked on a population-based molecular study with 4 years of follow up on the prevalence of C. burnetii from cattle in Ulleung Island of Korea. The cattle presented low prevalence of C. burnetii between 2011 and 2014. Cattle movement from the mainland to Ulleung Island has been limited by the government, resulting in a low risk of C. burnetii infection for cattle on the island. At the herd level, in small farms like farms A and B with low positive and shedder animals, eradication of C. burnetii could be reached in a short period of time. The low percentage of shedders observed in these herds suggested a low risk of transmission of C. burnetii both among herds and from cattle to humans [17] . However, in larger herds like farm C with active persistent infection and a moderate-to-high percentage of positive animals from 2011 to 2014, more stringent control of C. burnetii may be needed for a long-term eradication program to protect uninfected animals. We observed the same result in our previous seroprevalence study [14] , such that cattle of farm C showed continuous seroconversions between 2011 and 2014. Because farm C was operated by a government office, farm C had the highest number of breeding cattle on Ulleung Island and frequently had cattle imported from the mainland. Animals in large herds have more chances of transmission between individual animals, increasing the risk of acquiring C. burnetii infection from imported animals in larger farms [18] . The previous study also reported that the buying of animals increased the risk of introducing C. burnetii infection into cattle herds [19] . Moreover, the detection of multiple animals shedding C. burnetii DNA in farm C could suggest the progress of the infection, as well as the continuous circulation of C. burnetii within the herd.
Normally, in isolated islands, there is less movement of cattle between farms. In this regard, in a geographically restricted region like Ulleung Island, restricted movement is important in the prevention and control of diseases. The risk of C. burnetii infection is influenced both by animal movements and by the proximity of cattle herds. The great effect of neighborhood in high density regions suggests that wind-borne dispersal plays a big role in the increased transmission of C. burnetii [4] . In this study, the 3 farms with C. burnetii-positive cattle were within 1-2 km of each other; thus, these farms may have also been influenced by wind. C. burnetii positive rates were higher in tiger breed and female cattle, and were found to increase with age in the present study. We observed the same results in our previous ELISA study that used the same samples [14] . To track the C. burnetii status in 3 positive farms, additional samples were tested 1 year later (data not shown). Previous positive cattle were already slaughtered, and all farms were negative for C. burnetii. In this regard, the control strategies to be applied in herds at the regional level may differ according to cattle density and animal movements [4] .
Although the phylogenetic origin of C. burnetii is unknown, novel CLB that differ from C. burnetii in their biological characters have been isolated from ticks, suggesting that these CLB may have been symbionts engaged in complex relations with ticks [16] . Tick-borne Coxiella strains are known to have widespread genetic variations when compared with the C. burnetii strains, with Coxiella being subdivided into 4 divergent clades (A to D) [16] ; although CLB share genetic characteristics with C. burnetii, their sequences are divergent [20] . While we assessed the prevalence of Coxiella, including C. burnetii and CLB, by targeting the 16S rRNA genes in the present study, we did not amplify CLB genes.
The phylogenetic analysis conducted in this study indicated that the 2 sequences from cattle were closely related to sequences of C. burnetii strains in clade A. Moreover, the sequences obtained from cattle between 2011 and 2014 were identical, indicating that C. burnetii strains identified in this study did not change. The 2 sequences analyzed clustered with C. burnetii isolates from the USA, Japan, and Argentina, which may indicate a close epidemiologic association with these isolates. Although CLB infections were formerly thought to be limited to ticks, a recent study found the first evidence of CLB in horses in Korea, with 0.7% (6/816) positivity based on the sequencing of Coxiella 16S rRNA gene fragments [8] using the same primers as those used in this study.
Recently, climate change has affected the distribution of ticks and vector-borne diseases such as Q fever [21] and, in Korea, the prevalence of ticks and tick-borne diseases has been increasing. For example, ticks on horses have recently been shown to carry CLB (52.4%, 121/213) [10] ; serologic (6.8%, 70/1,030) and PCR (0.3%, 3/1,124) evidences of C. burnetii infection in pigs have been found [9] ; and dairy cattle bulktank milk tested positive for C. burnetii infection (17.8%, 108/607) by PCR [12] . Humans exposed to animals and vectors should be evaluated for C. burnetii infection. Control of coxiellosis in animals is difficult because of the lack of clear clinical signs [1] . Moreover, farmers often do not recognize the economic significance of Q fever.
Since we could access the whole pattern and features of Q fever distribution in Ulleung Island, we found that the detection of shedders of C. burnetii was significant and that they are one of the critical points for the control of the spread of the bacteria either among animals or from animals to humans [2] . Throughout the study period, the infection was shown to be spread and maintained in the animal herd in farm C, while the infection seemed to disappear from farms A and B. Positive farms like farm C should be continuously screened for diseases. Control strategy should include biosecurity improvement in surveillance, livestock management, administering appropriate tests before buying animals to detect assumed C. burnetii shedders, and restricting movements between herds.
